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INTRODUCTION. 

There is a rowing tendency on the part of fruit 

practical demonstration of the value or correctness of 
growers and ot % ers engaged in agriculture to demand a 

southern Oregon. Since these 
occurred to the writers that they could be used in connec- 
tion with observations of the amount of damage to fruit 
following eac.h frost, to give some information regarding 
the tem eratures which cause damage to fruit at  different 

Ence the pear is the principal fruit crop of the valley, 
the eater number of observations have been made on 

been done to determine temperatures which cause 
dam e to pears; much more information is available 

apricots. 
ven over to a dis- 

Rogue River ?hey, and to actual comparisons of the 
pear crops harvested from adjoining rotected and 
unprotected orchards during the 1921 an B 1922 seasons. 

st es o f advancement. 

this F nit. It appears that comparatively little work has 

rega 3- mg critical temperatures for peaches, apples, and 

cussion of the ractical value of orc f ard heating in the 
The latter part of this article is 

DESO€UP!I!ION OF INSTRUMENTS AND EXPOSURES. 

It is well known that any object exposed to a clear sky 
at night will lose heat by radiation to the sky, until its 
temperature is lower than the temperature of the sur- 

air. This is true of a thermometer which is not 
sheltere from the sky, and is also true of the outer leaves, 
fruit or blossoms on a tree. . .  For this reason it is often 
suggested that in det temperatures which cause 
damage, an u n s h e l t m z m o m e t e r  should be used. 

There are other matters, however, which must be con- 
sidered in this connection. Different substances do not 
radiate heat at the same rate. In general, dark-colored 
objects radiate heat more rapid than light-colored 
objects. Therefore it would not {e correct to assume 

roun?3 

83986-24---1 

of the tree, due 

is to eliminate, 
so far as 

inside an instrument shelter is usually somewhat colder 
than that outside the shelter on a clear! calm night, due 
to the cooling of the shelter itself by radiation to the sky. 

It is impracticable to obtain records of the actual 
temperature of blossoms or fruit on trees in the orchard. 
The rate of loss of heat b radiation to a clear sky, other 
factors being the same, d7epends on the amount of mois- 
ture in the air. If the approximate amount of moisture 
in the air is hown ,  together with other conditions of 
radiation, an allowance might be made for the coolin of 

re ‘stered inside the instrument shelter. 
%her sources of error are introduced when an exposed 

thermometer is used, so that it seems best to use tem- 
peratures secured inside a well-ventilated shelter, to- 
gether with observations of the amount of moisture in 
the air, in preference to unsheltered thermometer read- 
ings, in determining the temperatures which cause 
damage. 

All temperatures shown in this article were secured 
inside ‘ I  fruit-region ” instrument shelters. (See fig. 1.) 
These shelters were special1 designed for fruit-frost 

than in the older designs. Thermometers were 43 feet 
above the ground. Therniogra h records were usually 
checked at frequent intervals d%h the night, so that 
they are accurate within a few tent!fu of a degree as a 
general rule. 

Instrument shelters were placed in the center of the 
intersection of two tree rows. Damage estimates were 
made from counts of damaged blossoms or fruits from the 
four trees immediately surrounding the instrument 
shelter. Positive indication of damage was required 
before a blossom was counted as injured. Those showin 
only slight discoloration were counted as unin jurd  

the blossoms or fruit below the air temperature or t f at 

investigational work, b the I nstrument Division of the 
Weather Bureau, to 3 low a freer circulation of air 
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From 150 to 350 blossoms were cut open and examined in 
determining percentages of damage at each count. 

DESCRIPTION OF VALLEY. 

The portion of the Ro ue River Valley in which the 

about 20 miles lon , with an average width of about 6 

mountains, and narrows down to a gap through which the 
river flows on the north. The slope of the floor of the 
valley is from south to north. Freezes, accompanied by 
strong winds, are practically unknown, although a light 
wind from a southerly direction is nearly always noted 

studies described in the 9 ollowing pages were made, is 

miles. It is walle d in on the south, east, and west by 

, the orchards are exceptionally well 
all the fruit growers attempt to 

va ey. Few growers apply 
eat many different types 

fertilizer of any kind to their trees, although cover crops 
are grown Tuite generally. Orchards extend from high 
u on the h lsides down to some of the lowest ground on 

hillsides are equipped with orchard heaters. 

AfT 

t f e valley floor. Practically none of the orchards on the 

OBSERVATIONS DURINQ 1919 SEASON. 

The weather as a whole during the 1919 season was 
about normal, and the trees bloomed about the usual 

di ams: % re 3-Damge to blossoms.-Evening dew oint 33' 
F. &ck station (unDrotected) : Newt,own amle ?I uds not 
yet showing pink; Mhter  NelL ear buds &owing pink; 

Claigeau, and Anjou approaching full bloom. No 
damage. 
F' ure .&Damage to blossoms.-Evening dew point 30' 

F. k e c k  station (unprotected) : Newtown apple buds 
not yet showing pink; Winter Nelis pear buds showin 
pink. No dama e to either b frost. Fired orchart  

variety near station on this night. No damage could be 
found in the entire valley following this frost, even where 
ho orchard heating was done. Banks of clouds gathered 
on the eastern horiton just before sunrise, and direct 
sunlight did not stnke trees untd two or three hours 
later. 

F i m e  5-Damaoe to bhsoms.-Evening. dew Doint 27'. 

no damage to either by frost. R. ired orchard: Bartldt, 

An'ou and Howef pear trees in b s oom; BOSC, Winter Nelis 
an d Cornice buds showing pink. No damage to any 

An'ou, Bartlett ana Howell pear trees in pull blobm; Bosc 
w i i n  two d r  of full bloom; Nelis and Comice about 
four days b ore full bloom. Newtown apple buds , trees, where th average lowest temperaturi for 46 

showing ink. Check station (unprotected) : Newtown 
apple bu B s not dam ed. Winter Nelis pear buds not 
damaged. Anjou an? Howell ear blossoms show 25 
per cent damage. Fired orchar8 No damage to Howell, 
An'ou, Clai eau, Bartlett, BOSC, Comice, or Winter 

Sunrise. 
Figure 6-Damage to buh and blossoms.-Evening dew 

Bartlett, Howell, Anjou pear trees in full. 
gloom; Clairgeau pear trees within two.da s before full 

Bosc and Comice about four days before full bloorh. 
Newtown ap le buds in late ink stage. Check station 

damage. No evidence of an damage found in Winter 

injury, mostly in earlier bloom. Howell ear lossoms 
show 67 per cent injury. Fired orchar8 No damage 
to Howell, Anjou, Clai eau, or Bartlett blossoms, or to 

Fi.pre 7-Damage to ru:it.-Evening dew point 35' 

of d' lfF erent varieties of ears, and of Newtown apples. 
It was not possible to d e c k  on the amount of damage 
on the following day, and as another frost occurred on 
the ni h t  of May 4-5, the damage on these two nights 
was decked together . See Figure 8 for damage esti- 
mates. 

Figure 8-Damage to fruit.-Evening dew 
Photographs (figs. 10 and 11) show stage o advance- 
ment of Newtown ap les and meren t  varieties of 

Following recorg of damage include damage 
$:;'on previous night. <See 6g. 7). Check station 
(unprotected): Newtown apples in lower half of trees 
show 85 er cent badly discolored, and a small propor- 
tion of &e remaining 15 per cent sli htly discolored 

fruits practically $1 small. In upper half of trees 
where the average lowest temperature for 45 m i n u d  
was 29.8', from 45 to 50 per cent of the fruit.% showed 
discoloration. Winter Nelis ears in lower half of trees 
showed 65 per cent badly &colored and 30 per cent 
slightly discolored. In  up er half of trees from 35 to 40 
per cent of the fruits were 8scolored. All of this damage 
was done on the nights of Ma 3-4 and 4-5, as blossoms 

some time previously. Fired orchard: No damage to 
Howells Anjou, Clangeau, Bartlett, BOSC, Comice, or 
Winter kelis pears in mmediate vicinity of temperature 
station. In  portion of orchard fired last, Bartlett pears 
had already begun to blister badly, indicating that 
critical temperature had been reached. 

It will be noted that on the night of April 13-14, (Sg. 
6) Winter Nelis pear buds, within two days of full bloom, 
withstood a temperature of 26' F. or below for one hour, 
with a minimum temperature of 25O F., without inj 
Si days later, on the ni ht of April 19-20, when% 

not been she$ a temperature of 30° F. for 30 minutes 
caused about 17 per cent damage. This variety of ear 
tree ractically always carries a heavy bloom, an8 so 
s m d a  loss would have no d e c t  on the final crop. . 
On the night of May 4-5, (Sg. 8) when the petals had 

been shed and the fruits were about one-fourth inch in 
diameter, a temperature of 27O F. for about one hour 
caused 65 per cent of the fruit on the lower half of the 
trees to show deep discoloration and about 30 per cent 
more showed sliiht discoloration. Near the tops of the 

N h s  pear b Y ossoms or buds. No clouds in sky after 

bloom; Winter Nelis within three days o s full bloom; 

(unprotectedr: Newtown app Y e buds show 4 per cent 

Nelis pear buds. Bartlett b s ossoms show 52 er cent 

BOSC, Comice or Winter 3 elis buds. 

Photo aphs (figs. 10 an d 11) show stage of development 

point 310- 

oint 32'. 

E 

Nearly all of the lar er fruits badly disco 7 ored; uninj& 

damaged in previous frosts E ad fallen from the trees 

trees were sli htly past f d 1 bloom but the petals had 



(To face p. 618; 

FIG. 1.-Fruit regioninstrument shelter in which temrerature records were obtained. 

FIG. z.-Pear orchard equipped with 250 %gallon lard-pail oil heaters to the a 

FIG 9 -Stage of development of pears blossoms, 
and~ruIhonApril21,1919. Left,Co&ce;, right, 
Winter Nelis; upper, Bartlett; lower, Anjou. 

FIG. 10.-Stage of development of pears on Mag 4 
1919. U per left, An'ou, lower.left, Cormcef 
upper rigit, Winter Nehs;'lower nght,Bartlett. 

FIG. 11.-Stage of development of fruit on May 5, 
1919. Lowerright andleft Newtown apples; up- 
per right and left, Winter h i s  pears. 



M. W. R., December, 1923. 

FIG. 17.--Stage of advancement of Bartlett and Bosc pears on May 3,1921. 

FIG. 30.-One of the many acres of Colaice pear trees which carried a heavy 
crop of fruit near t4eir tops with very little fruit in the lower portions, 
in 1921, due to stratificatiodof the air on frosty nights. . , * 

(To face p. 619.) 

FIG. 31,+0mice pear trees shown in Figure 30, showin distribution 
in 1922 when the orchard was protected with or&ard heaters. 

of crop 

FIG. 32-Stage of develorment of car buds on Aprh 17 1522 Zeft to right Aniou 
lett, Anjou. TWO dusters of ea& are shown represedtatile of the greatest-and 
developed blossoms. 

FIG. %.--Stage of Bartlett pears on May 27 1922. Several acres of 
fruits in thu stage were frozen h o s t  to the core on the morning 
of May 27. Practically all of them recovered completely, without 
marking or other indication of inpry. 

PIG. 33.-Stage of development of pears on April 20, 1922. Left to right: Anjou, Bosp g-$$ 3 
Bartlett. 

c 
6' 
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FM. %.-Temperature records In flred orchard and at outslde check statlori on night of April &7, 1919. Tempera- 
ture ralsed 2f. F. by using 18 hesterr to the acre. 
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FIG. I.-Temperature records in fired orchard and at outside check station on night of April 10-11, 1919. 
Heaters burning very low and beginning to go out after 6 a. m. 

FIO. 6.-Teruperature rerords in fired orchard and at outside check station on night of April 13-14 1919. 
First li hting of hesters burning out at 4.408. m., caused temperature to fall. Temperatureinildeieated 
orehadheld flve or six degrees above outside temperature. 
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1Oo.m. I I D . ~ .  mdi 1a.m. 2 a . m .  8a.m. 4 a . m .  6 a . m .  6a.m. 7a .m.  

-_  
ma. l.-Tmperature records In Bed orehard and at outside chf& station on night of May S-4,1919. 

Temperature wasraised about 4' F. by u n g  18 heaters to the acre. 

-- 
FIG. 8.-Temperature records in flred orchard and at outside check station on ni ht of May Cg, 1919. This 

was the most remarkable rise in temperature ever observed in the orchard-Eating investigations of the 
Weather Bureau. Temperature rose 7 p  F.. with 36 heaters to the acre burning. Weather condltiona 
w m  almost idea Ifor this work. Compare with figure 6. 

62 1 
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minutes was 29.8’, the damage amounted to from 35 to 
40 per cent. 

Small fruits or Yellow Newtown apple trees at  the same 
location, slightly less advanced than the Winter Nelis 
fruits on this date, showed 85 per cent damage on the 
day following the frost. Fortunately for the grower, 
the trees had an exceptionally heav set of fruit, and the 
final crop was not much affecteJ If trhe same per- 
centage of damage had occurred during a season with 
light setting of fruit, the effect on the size of the final 
cro would have been serious. 

8 n  May 10, 1919, a careful examination of the fruit on 
the trees surroundin the check station instrument 
shelter was made. T%e results are shown in the para- 
gra hs below. They should be considered in connection 

EoweU pears.-All fruits the size of small marbles or 
slightly larger. Out of 44 fruits icked from the lower 

gad1 discolored and entirely seedless. Out of 14 fruits 

were badly discolored and seedless. Sis fruits picked 
from east side of the same trees, 10 feet above the grouna, 
were all badly discolored and seedless. On the west side 
of the trees, near the ground, three out of four fruits were 
discolored and seedless. 

Anjou pears.-The ercentage of injury shown by 

Winter Nelis eurt~.-Out of 38 fruits nearest the 

r i g h t  of 7 feet abore the ground, 10 were discolored. At 
a height of 10 feet above the ground, only 3 out of 12 
pears showed discoloration. 

Y e h  Newtown uppZes.4ut of 63 fruits picked with- 
in a he’ h t  of 8 feet above the ound, not one was 
found w ‘ch did not show deep d%oloration. Out of 
15 fruits picked at  a height of 10 feet above the ground, 
9 showed discoloration. At a height of 12 feet above the 
ground, 18 out of 25 fruits showed serious damage. In 
the very tops of the trees, a t  a height of about 25 feet 
above the ground, only one out of 11  fruits showed 
injury. 

A t  the time these observations were made all the 
varieties of pears examined showed no outward evidence 
of frost dama e, except frost marks and odd shapes in 

%4l the fruits ap eared to be growing 
rapidly and were of ood color. !r he seed cavities of the 
the Anjou. 

no seeds. 
A 1 e proportion of the apples examined, especially 

sha e, and contained no seeds. 
Ifto damag.ed, misshaped, or frost-marked fruits could be 

found at  this time in Anjou, Bartlett, BOSC, Clairgeau, 
Cornice, or Winter Nelis trees near the temperature 
station inside the fired orchard. 

wit R the temperature records shown in Figures 3 to 8. 

art of the trees, within reach o P the ground, 42 were 

on t E e east side of the trees, 8 feet above the ground, 12 

Anjou ears at the chec R station was about the same as 
shown t y the Howell. 

ound, 30 were B iscolored. Out of I 5  fruits picked at  a 

injured fruits were 5 ark brown or black and contained 

in the ”$ ower portion of the trees, were quite altered in 

EFFECT OF FROST DAMAGE ON FINAL CROPS OF FRUIT AT 
CHECK STATION. 

Houyell.-About 5 per cent of a normal crop remained 
on the trees at picking time and about 90 per cent of t.his 
fruit was seedless. 

Anjou.-About 15 per cent of a normal crop remained 
on the trees a t  picking time. 

Winter Ne&.-About 60 per cent of a full crop was 
harvested. 

Y d l o w  ,Veu:town Ips.-At the end of the season the 
Yellow Newtown a trees nearly all bore a full crop of 
fruit, and most of were heavily thinned artificial1 , 
In a few cases there seemed to be a heavier crop in t 0 
upper port,ion of the trees than near the round, but in 

due to frost injury, but as much of this as possible WBB 
removed by the thinners, so that the percentage of culls 
n t  picking time, due to frost injury, was not large. 

I? 

most cases the cro appeared to be we1 f dist.ributed. 
There was a great B en1 of seedless and misshapen fruit, 

OBSERVATIONS DURING THE 1921 SEASON. 

During the winter of 1919-30 an unprecedent.ed cold 
wave caused considerable winter injury to fruit trees in 
the Rogue River Valley and it was thought observations 
of t,he effect of frosts 01 varying degree in damaging the 
blossoms and young fruit during the s ring of 1920 

weakened condition of the trt3ei.s. As a matter of fact 
the winter injury was much less severe than it appeared 
to be at first, and most pear and apple trees bore full 
cro s. 

#or about 10 days before the first frost in the spring 
of 1921 the sky was clear and the afternoons warm, the 
t,emperat.ure risin above 70’ F. on several dates. Fruit 

began, and on the morning of the 3d, the hills were 
snow squalls alternated covered with snow. 

with periods of clear sky an bright sunshine durin the 
day, until about 4 p. m., when a heavy snow squa! set 
in, lasting until nearly 7 p. m. Another snow squall 

assed over about 8:30 p, m. The sk cleared completely 

of the night.. 
The earlier varieties of pears were in full bloom st 

this time. The wet snow clung to the branches and 
blossom in the early evening, but later most of it melted 
slowly, after which the water froze, encasinp: the blossoms 
in ice. Most of the fruit growers labored under the 
delusion that the blo.ssoms could not be injured, so long 
as the were covered with ice or snow, no matter how 

orchard heaters. Some rowers 

were lighted in on1 two or three orchards in the district 

onl perfect cro s of fruit at  the end of the season. 
&pres  12 an: 1s show that t,he temperature was below 

t,he reezing point for about 14 consecutive hours, with a 
minimum ten1 erature below 22’ F. The records of the 
damage cause: by this freeze are esceptionally interest- 
ing, in that scme vwiet,ies which were in full bloom at this 
time carried from S6 t.n 90 per cent of n fullcro 

were adequately rot.er:ted from damage by later frost$. 

soins may have afforded some slight protection, b caus- 

this factor had niuch weight in determining tshe amount 
of damage. 

The temperature records shown in Figures 12 to 16 
were secured at, the same locations as the records shown 
in Figures 3 to 8. The orchard in which one of the sta- 
tions was locat,ed contained 150 five-quart lard-pail oil 
orchard heaters to the acre. The check station was 

would not be of much value because o P the possible 

trees came into b 8; oom rapidly. On April 2 a cold rain 

HeavJ 

gefore midnight, and remained clear J uring the remainder 

low t. K e temperature fell. This belief prevented the 

even cause greater injur %y 
snow and “cooking” t 5 e 

on this night, an B t.hese orchards harvested about the 

firing of many orchards which were 

end of the season. This \y\las true only of orchur I f  s at which the 

It is possible t l! at the ice and snow covering the blos- 

ing a slow t.hawing in the morning, but it is not like s y that 
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m. 8 a.m. 9 a m. 

FIG. 12.--Temperature record at check station unprotected (adjoining orehard) on night of April 8-4 111. No heaten w m  lignted on thin night, and tempentm mcmbat 
the two pleces were practhlly id&tial. 

f lpm. mdt lam 2 a . m  3a.m. 4&m.  6a.m. arm 7a.m. 8a.m. 

a 2 O  

so' 

28' 

2e" 

2401  I I 1 I I I # 

FIG. 13.--Temperatura mod in t e d  orchard and at outside ch&#tstion (III night of Aprl154,lOZl. 
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FIG. 14.-Tempmture record in fired omhard and a t  outside check station on ' ht of April 8.7 1921 Tempersturn rose 
from 4 to 5. with 24 heaters to the acre bunung. From 1.30 a. m,, when% heaters werd l i g h k ,  upti1 3.45 a. m. 
on heaters were burning within 150 feet of the station on the east and within 250 feet on the west. ho  hpters were 
light+ north, of the station and nom mthin 300 feet of the station on the south. At 3.45 a. m a few sesttenng heaters 
were lighted 111 this area. 

- Temperature at check stdon (no heated 
Temperature in nred orchmrd 
(heaten not burnlng) -.-.-.- la Heaten to acre burnlna 

* - - - - - -  48 Heaten to acre burnlng 

- 

m. 

Fact. 15.-Temperature recard in fired orchard and at outside check statlon on night of April 13-14, 1921. Twperature 
me from 4 to 6. with I heaters to the acre burning. 
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located in an adjoining orchard, which contained no 
heaters. The effects of the firing of the heaters on differ- 
ent nights is shown in the diagrams. 

Figwe l2-Damage to fmcil buds and blossom.s.-Eve- 
ning dew point 32'. Anjou ears in full bloom; Bartlett 

about three-fourths in full bloom; Bosc pears buds just 
beginning to separate in the cluster; Winter Nelis pear 
buds about four days before openin . Bartlett damage 
50 per cent. An'ou 82 per cent. Cfairgeau 60 per cent. 
Bosc 4 per cent, k inter Nelis 2 per cent, and Comice no 
damage. Trees and blossoms were coveredwith water and 

and were encased in 

pears about two-thirds in P ull bloom; Clairgeau pears 

Clairgeau blossoms had shed most of theh petals at this 
time. Check station (unprotected) : Winter Nelis show 
59 per cent injury. Anjou show 55 per cent injury. 
Howell show 72 per cent injurv., Fired orchard; Bartlett, 
Anjou, Clairgeau, BOSC, Winter Nelis and Cornice 
pear blossoms show no additional damage. 

EFFECT OF FROST DAMAGE ON FINAL CROPS OF FRUIT AT 
CHECK STATION. 

HotoeZL-About 1 per cent of a normal crop re- 

Anjow-About 3 er cent of a normal crop harvested. 
mained on the trees at picking time. 

crop harvested. 
Winter NeZis.-A !I out 10 per cent of a normal 

FINAL CROPS AT FIRED ORCHARD. 

The damage to the crop in the fired orchard was caused 
On sue- almost entirely on one cold night, April 3-4. 

FJG. 16.-Temperature record In fired orehard and at outaide cheek station on night ofApril 1115.1921. 

Cla' eau, BOSC, Winter Nelis and Cornice blossoms show 
no a 7 ditional damage. 

forenoon of the 14th, beginnin before sunrise, causing 
frozen fruit and blossoms to t%aw slowly. Practically 
no damage could be noted on the 14th due to this frost. 
Dama e done on this night is included with that shown 
in the 5 rost on the following night. (See fig. 16.) 

Fwre 16-Damage to pear bud% and bloesoms.-Evenipg 
dew point 33'. Winter Neb,  Boso and Comce 
pears in full bloom. Howell, Bartlett, Anjou and 

ceeding frosty nights during the season the temperature 
was maintained well above the danger point through the 
use of orchard heaters. The percentages of full crops 
(estimated) for each variety in this orchard. are given 
below. The light crop of Cornice pears was not due 
entirely to frost damage, but at  least the greater part of 
the reduction of the crop of other varieties of pears was 
probably due to.frost. 

HoweZZ.4eventy per cent of a normal cro harvested. 

harvested. About 1 per cent of this fruit was frost 
marked, but not seriously. Ninety-five per cent of the 
fruit was on the outside of the tree, due to the fact that 
late bloom is found there. 
Winter NeZis.--Ninety-five per cent of a full qop 

A.nljou.-Fifty-five per cent of a norm Bp crop was 

harvested. 
BartZett.-Eighty-five per cent of a full crop har- 

vested. mostlv on the outside of the trees. About 
1 per cent we;e slightly frost marked. 

1 These percentages are of blossoms remmlning on the trees. Blossams Injured in 
previous frosts have all  dropped to the ground. See percenbge of lull crop at end of 
SBBBMl. 
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Ckirgmu.-Ninety per cent of a full crop har- 
vested, mostlv on the outside of the trees. About 1 per 
cent slightly frost marked. 

Bose.-Se.renty per cent of a full crop harvested. 
Cornice.-Five per cent of a full crop harvested. 

This variety has always been a light bearer in this orchard. 
The light crop was probably not due to frost injury. 

DAMAQE AT SECOND LOCATION. 

During the 1921 frost season a tem erature station was 

locations of the stations shown in Figures 12 to 16. The 
records from this station, together with estimates of the 
amount of damage caused on each cold night, are shown 
in Figures 18 to 21. This orchard was not equipped with 
orchard hea ters . 

Figure 18-Damage to fruit b t i h  and blossoms.-Eve- 
ning dew point 32'. Anjou ears in full bloom; Bartlett 

maintained in a cold spot about 5 m T es distant from the 

pears about two-thirds in !i? ull bloom; Clapp Favorite 

Figure 20-Damup to bud8 and 6lossoms.-Evening 
dew oint 27'. No additional damage was found follow- 

soms had been bad1 damaged or killed on the previous 

late bloom, as a rule, was not damaged by the frost on 
the night of the 6th-7th. 
Figure 91-Damage to b l O S S O m 8  and fruit.-Evening 

dew oint 33'. Winter Nelis, Bosc, and Comice pears 

Torite blossoms had sked most of their petals at  this 
time. Winter Nelis show 42 er cent injury, Anjou 60 

Favorite 53 per cent injury. In the case of ah these va- 
rieties except BOSC, the fruit had formed at this time, and 
all blossoms damaged in previous frosts had dro ped 

that had escaped injury in former frosts. In some cases 
there was practicall no fruit left on the trees to be dam- 

ing t !l 's frost. Practically all the more advanced blos- 

night, leaving only t t e latest bloom showing clear. This 

in fu fi bloom. Howell Bnrtlett, Anjou, and a a p p  Fa- 

er cent, Bosc 99 per cent? Bart s ett 81 per cent and Clapp 

froin the trees. These percentage estimates cover P ruit 

aged by this latest 9 rost. 

ma. 18.-Tempenrture r e e d  In an orrhard not equipped with orchard heaters, April M, 1021. 

Probably the most interesting feature in connection 
with these records is the kiUing of practically all the 
blossoms on Bosc trees before they had o ened, by tem- 

also were killed, to a lesser extent, in these two frosts. 
peratures of 32' F. and 23' F. Winter !N elis blossoms 

EFFECT OF FROBT DAMAGE ON F[NAL CROP. 

Anjou.-Three er cent of a normal crop harvested. 

Bart1ett.-Fifty er cent of a normal crop harvested. 

Bosc.-%wo per cent of a normal crop harvested. 
Clapp favorate.-Fifty-five per cent of a normal crop 

harvested. Most of crop in upper half of tree. Nearly 
all seedless and misshapen. Seedless pears still falling to 
the ground at picking time. Ground covered with nearly 
mature fruit. 

Winter N e l k -  % ive per cent of a normal crop har- 
vested. 

practical1 dl bad Q y frost marked and misshapen. 
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A particularly close stud was made of a Clapp Fa- 

which caused SO per cent of tho blossoms to show eep 
discoloration. This tree was about 15 years old and from 
outward a pearances in a vigorous condition. It carried 

Following the last heavy frost on the night of April 
14-15, a careful count showed about 83 per cent of the 
fruits, which were about the size of peas at that time, 
were badly discolored. If all the fruit on the tree at  this 
time had matured there would have been more than the 
tree could carry at the end of the season. The injured 
fruits were so badly discolored that it was possible to tell 
by ins ection, without cutting the fruits, which were 
injurecf At this time it was difficult to find an undamaged 
fruit on the tree. 

On MaV 6 this tree was again examined to see whether 
the discolored fruits had fallen from the trees. There 
was some fruit on the ground on this date. but very little 

f vorite tree at station 2, fo i owing the first cold ni ht, 

a heavy b f ooni. 

11am. mdt. 1a.m. 2a.m. 3a .m.  

Another interesting point is the fact that about one-sixth 
of a normal crop of fairly good fruit was matured, 
although temperatures of 21.5' F. and 23' F. were 
recorded during the period when the tree was in full 
bloom. ' 

WILL FRUIT WITH BLACKENED CENTERS MATURE? 

Tnis is a uestion regarding which there has always 

of fruit. Following a heavy frost whic has discolored 
a large percentage of the fruits on the trees, some growers 
feel sure the crop is lost. Others take exac.tl the oppo- 
site view, and maintain that all the injure8fruits will 
mature and make good first-grade fruit a t  the end of the 
season. 

In  order to gain some information on this question, 
several clusters of different varieties of pears were tagged 
soon after the fruit had formed in the spring of 1921 and 

been great di I€ erence of opinion among y t i c a l  growers 

4 a.m. 5 a.m. 6 a.m. 7 a.m. 8 a.m. 

no. ?I.-Temperature record in an orchard not 

in comparison to the total amount of damaged fruit on 
the tree. None of the fruit, however, injured or unin- 
jured, seemed to be making much growth. 

On Au ust 9 this tree still carried 55 per cent of a full 
crop. T i e  ground underneath the tree was covered with 
large, seedless, misshapen fruits, and the drop was still 
continuing. The fruit in the lower half of the tree was 
practically 100 er cent frost marked and seedless. 
(See fig. 38.) d e  crop was considerably heavier near 

thbI?gi tember 2 the fruit on this tree was picked and 
measurei in field boxes and aded entire1 on t.he basis 
of shape. There were fourTozes of ba B ly misshapen 
and seedless fruit and one box of fruit of normal shape 
on the tree, and one and one-fourth boxes of mature 
fruit was on the ground under the tree. A great many 
of the ears in the box of normal shaped fruit were frost 
markel 

These observations are especially interesting in showing 
that even though this variety of pear may be so severel 

portion of the or0 may remain on the trees until ma, 
injured by frost that the seeds are killed, a considerab 19 e 

turity, although t % e fruit is likely to grade very low. 

equipped with orchard heaters, April 1445,1921. 

a close watch was ke t of them durin the remainder 

to pick out the fruits with discolored centers without 
cutting. All injured fruits of this kind showed darkened 
c a l v  ends. 

Notes on these observations are given below. 
Barthtt ,fmits.-Irrigated trees, 9 years old. Soil, 

Olympic adobe. Orchard care excellent. 
April 12,1921: Four clusters of five Bartlett pears each 

tag ed; petals all have fallen. Every fruit shows injury 

cluster, when cut, showed deep discoloration. All fruits 
are growing well, and from outward appearances are 
vigorous and healthy. 

A ril 20, 1921: A1 clusters exce t one are showing a 

May 9, 1931: Onf three pears left, all in one terminal 

June 9, 1921: All pears in tagged clusters have fallen 

August 9, 1921: About 14 pears remain on entire tree, 

of the season. In  all t ?I e clusters markej, it was possible 

wit i? out cutting. The best appearing fruit in a similar 

sick f y yellow and a pear about rea B y to drop. 

cluster. Two of t i ese are badly frost-marked (ring- 
necked). 

to the ground. 

mostly near the top. 
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FIG. 3L-Mature Bartlett pears showing woody russet 
markings on the frostlinjured fruit. 

FIG. 37.-Clapp Favorite pears in which the seeds have been killed by frost. The three 
pears in upper right-hand corner are of normd size and shape. 

1 

FIG. 36.-Oddshapes assumed by Bartlett pearsinwhich the 
seeds have been killed by frost. The pear in the upper 
right-hand corner is of normal shape and size. 

FIG. 38.4ross  sections of young pears, showing effect oqfrost. Two fruits in 
lower left-hand corner are normal; others are seedless and discolored. 

1 L 

FIG Eowt us from 811 orchard ] cted with heaters Sfter the heavy f&ts 
Oil921. A heavy crop was set and the fruits grew rapidly. dompe.re.with a topical 
branch of Howell pears from tree 111 unprotected orchard ,shown 111 Figure 40. 

FIG. 40.-Typical bm iom Howellpeertreeinun rotected 
orchard near that from which the branch shownin%gure39 
was obtained. All blossoms were stunted and yellow, and 
fellrapidly. A large proportion of the blossoms fell from the 
branch while it was being brought in to be photographed. 
A condition of this kind is very often attributed by the 
grower to “lack of pollination.’’ 
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(To face p. 629.) 

Frc. Il.--hvcragc size of crop per tree of Bosc harvested in orchard prolcrled 
with lard-paitorchard heaters during t1,- avicre frost season of 1921. 

FIG. 42.-Exccllcnt crop of Bosc pears harvested in 1922 in orchard which was prc- 
tected from frost damage with lard-pail orchard heaters. Same orchard as in 
Figure 41. 

FIG. 44.-Avera e size of crop per tree of Anjon pears in orchard protected from frost 
damage wit% lard-pail orchard heaters, 1921 season. Compare with Figure 46. 

FIG. 43.-Averagc size of Bosc pear crop er tree in 1922 in orchard 
rotected from frost damage with krd-pail orchard heaters. 

Lmpare with Figure 41, which shows same orchard in previous 
year. Some irrigat' 

I 
FIG. &.-Average ield of Anjou pears per tree in 1921 in orchard t 

directlv across t i e  road frbm that shown in Fieures 44 and 45. FIG. 45.-Crop of Anjon pears harvested from one of the larger trees in orchard which was pro- 
tected from frost damage with lard-pail orchard heaters during the 1921 season. Compare 
with Figure 46. 

This okhard was not rotectcd from tho u n u s d y  sever0 spring 
frosts and yielded o& about three-fourths box of fruit per tree. 
Com&e size of crop wth  that shown in Figures 44 and 45. 
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Bad& blossoms.-(Same block of trees as above.) 
April 12, 1921: Two terminal clusters, containing six 

blossoms each, in full bloom, were ta ed for observation 

coloration and two do not appear to be discolored. 
May 9, 1921: All pears h w e  dropped from one cluster. 

In  second cluster two apparently vi orous ears remain. 
Second bloom on tree is now in full bkom. e n  the cluster 
from which all the pears have dro ped, one tiny new bud 

on this date. In  each cluster four T lossoms show dis- 

has appeared since the fruit has a ropped. 
June 9, 1921: One pear, badl frost-marked, remains. 

Aniou blossoms.-Irrigated trees, 9 years old. Sod, 
Olympic adobe. Orchard care excellent. 

April 12, 19214luster  No. 1: Seven blossoms in clus- 
ter, all showing discoloration. 

Cluster No. 3: Eight in cluster; six show discoloration, 
and two ap ear to be in ood condition. 

One blossom in each cluster appears to be in good condi- 
tion; others show discoloration. 

April 20, 19214luster  No. 1: Two fruits seem to be 
m a h g  good growth and appear to be healthy and 
vi orous. 

bus ter  No. 2: Three fruits are red and appear to be 
healthy and vigorous. All fruits in this cluster now show 
black at cal x ends. 

Cluster k 0. 3: Several fruits are apparently healthy, 
and are making ra id growth. 

~ a y  9, 1 9 2 1 J u s t e r  NO. 1: only one pear remains 
and it does not a pear to be healthy. 

Cluster No. 2: gne pear still hanging; remainder have 
been shed. 

Cluster No. 3: Four pears remain. One appears to 
be healthy and vigorous. The other three are stunted, 
but are still growing. 

June 9, 19214luster  No. 1 : All fruits have been shed. 
Cluster No. 2: All fruits have been shed. 
Clusters No. 3: One pear remains. 
August 9, 1921: All clusters marked are now bare of 

fruit. The tree on which they are carried has about 
one-half box of fruit, most of whch is badly frost-marked. 

Anjou Fmits.-Irrigated trees, 9 years old. Soil 
Olympic adobe. Orchard care excellent. 

April 20, 1921: Four clusters, containing five fruits 
each, tagged for observation. .Every fruit shows dis- 
coloration, but all are making vigorous growth. 

May 9,1921 : No fruits are now making normal growth. 
Dropping off rapidly. Two clusters are bare of fruit. All 
fruits are seedless and mis-shapen. 

June 9, 1921: All fruits h w e  been shed. 
Bosc bZossom.-Irrigated trees, 9 years old. Soil 

01 pic adobe. Orchard care excellent. 
r m a n y  orchards throughout the valley, more than 

90 per cent of the Bosc blossoms were killed by the low 
temperatures on the ni hts of April 3-4 and 5-6 (see 

#ese trees came into bloom about April 12. Unless 
examined closely, the trees appeared to be in 
condition. There was a great profusion of 
However, when the blossoms were examined, from 90 to 
100 per cent of the pistils, stamens and anthers were 
black and leathery. The ovules did not appear to be 
injured. 

April 12, 1921: Five clusters of Bosc blossoms, every 
blossom in which has blackened and dried piitils, stamens 
and anthers, were tagged on this date. 

May 9, 1921: Every blossom in every cluster marked 
has dropped. 

August 9, 1921 : One pear, ba 5 y frost-marked, remains. 

Clusters ik 0.3 : Two c B usters, with seven blossoms eac.h. 

fi . 12 and lS), while t % e buds were still tightly closed. 

NOTES ON SEASONAL DATA. 

In studying the effects of the frosts of 1921, it was 
noted that not only was the crop heavier in the tops of 
the trees, on account of the difference between tshe 
temperature of the air near the ground and that a t  the 
elevation of the tops of the trees on frosty nights, but 
where the damage was not total, the fruit wkch matured 
was from terminal clusters of blossoms, which usually 
bloom considerably later than blossoms in the interior 
of the tree. This difference between the time of full 
bloom of blossoms in the interior of the tree and those in 
terminal clusters is especially marked in the Bartlett 
and Clairgeau. 

In  the few orchards which were carefully protected 
with orchard heaters tl~roughout the frost -s&son the 
fruit was well distributed throughout the trees. 

The terminal blossom clusters are found on long, 
weak branches, of small diameter, which will hold one or 
two pears each, at. most. These sinall branches are 
easily swayed by bhe wind, and much of the fruit, is 
scarred through limb rubbing in a normal season. 
Blossoms in the interior of the trees were considerabl 
farther advanced at. the time the heavier frosts occurre$ 
and were practically all killed. Thus, the iiit,erior of t,he 
tree, where the branches were large enough t.o carry 
heavy crops. were practically bare of fruit. 

The effect of the stratificat.ion of t.he air on frosty 
nights on the final crop of peais is shown in Figures 30 
and 31. Several acres of Coniice pears carried a heavy 
crop of fruit near their tops, but very little fruit in the 
lower half of the trees. I n  the tree shown in Figure 30 
not one pear was found below S feet above the ground. 
Between 8 feet and 12 feet 39 pears were icked. From 
12 feet to 16 feet 112 pears were pickecf This condi- 
tion was quite general throughout the valley, where 
there was no firing during the 1931 seaaon. 

During the 1933 frost season the orchard was pro- 
tected froni frost damage with orchard heaters. At 
picking time the same tree was examined and the same 

gathered. Figure 31 shows the 

that blossoms on a young tree are 
more susceptible to injury by frost than t,hose on an 
older tree, up to certain limit,s. To illust.rat,e this fact, 
two Howell pear trees, side by side in an orc,hard were 
selected, one 4 years and the ot,lier 16 years old. A 
count of damaged blossoms on April 12, 1921 showed 4 
per cent damage in the older tree and 55 per cent dain 
in the younger t.ree. At picking time in the fall t e 
larger tree bore SO per cent of a full crop, while the crop 
on the small tree was only 5 per cent of the aniount of 
fruit il; should have carried. 

T 

OBSERVATIONS DURING THE 1982 SEASON. 

The spring of 1922 was very cold and backward and 
all varieties of ears bloomed from three to four weeks 

tures in damaging blossoms and young fruit were se- 
Gured at nine different locations durin the season. 

the lateness of tho season, there was very little damage 
to fruit by frost durin the spring. The records are of 

can be experienced, without materially decreasin the 

1922 are shown in $urm 22 to 29. 

later than usu 3 . Data on the effect of low t,empera- 

Most of the tern erature stmations used in t ?I is work were 
located in the co P der parts of the valley. On account of 

value principally in s B owing what low temperatures 

size of the final cro in fall. Temperature recor f s for 
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FIO. %.-Temperature record in flred orchard and In an unprotected orchard, night of Aprll17-18,lW. 

no. I.-Tem erstwe record In tired orchudandlnan unproteetedorchard night d Aprila7-28,lCm. 
'femperature m e  5). F. 4th us0 d 18 *tack dl heaters) to therwe. 
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FIO. %.-Temperature record in fired oreha? and in an unprotected orchard, nlght of April 26-!27, lw. 
Temperature rose about 4 O  mth 18 high-stack a1 orchard heaters to the acre. 

m. 

-- 
n o .  27.-Temperature record in 6red orchard, and in an unprotected orchard, nlght of April 27-28, 1Sn. 

Temperstun m e  from 3. to 4. mth 28 high-stack oll orchrrrd heaters to the .ere. 
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11pm. mdt la .m.  2a.m. 3a.m. 4 a . m .  5a.m. 8a .m.  7a .m.  8a .m.  

40' 

Temperature at chock station (no heaterr) 
Temperature in fired orchard 
(heaten not burnind I 

: * 
----- 

as0 ***..*.. 9 Heaters to acre burning 
' 

FIO. ZS.-Temperature m r d  in fired orchard and in 311 unproterted,orchard. night of lpril 1-27, l!E2. 
Temperature m e  about 4. with nine %quart lard-psi1 ml healers to the acre. 

Ro. 20.-Temperature record in fired whqI and in an unprotqcted orchard, ni ht of April 3-7-8, WZ?. 
Temperature rose 5 or 6' with 3J .%quart lard-par1 oll hcaters to t ie  acre. 
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per cent additionat or total percentage 41; BCSC (young 
tree) shows practically every blossom killed. Old Bow 
tree in adjoming orchard, on higher wound. and un- 
doubtedly somewhat warnier locat,ion, slows Sl  per cent 
damage. About 50 per cent of the king buds on old 
Yellow Newton apple trees, just beginning to show pink, 
were killed on t.his date. Fired area: Anjou, Bartlett, 
BOSC, and Coniice blossoms show no additional damage. 
Bartlett blossoms in same orchard, but not prot.ected, 
show 52 per cent da.mage. 
Fi ure 24-Da.mage todiic.it b.uds.-No damage could be 

Fi re 26-Dnma.ge to ear h a s  and blossoms.-Even- 

ears sli htly past full bloom. Anjou pears past full 
koom; *inter Nelis not yet o en. Check station (un- 

gowell blossoms show 9 per cent damawe. Fired 
orchard: Anjou (large trees) in interior of orcKard, near 
temperature station, show no damage. Small Anjou 
tree, 6 years old, in interior of orchard, shows 20 er cent 
damage. Anjou trees, 9 years old, on windwarf border 
row, G8 per cent damage. Bartlett and Winter Nclis 
hlossoms show no additional damage. 

Figure 26-Damage to year bZo~soma.-Evening dea- 
point 33'. 

h j o u  pears slightly past full bloom; Bartlett pears in 
full bloom; Bosc and Comice blossoms not, yet open. 
F'ired orchard: No damage t.o an variet,y. 

Figwe 207-Dama,cre to p e w  &ossonis.-Eveniiig dew 
oint 29'. iuijou ears past full bloom: Bart-lett in full 

gloom; Bosc and P .omice opening. Fired orchard: KO 
damage to any variety of pears. . 

Figure 2S-Da.nia~ge lo pear blossoms.-Evening dew 
oint 32'. h j o u  pears slightly ast full bloom; Bart.- 

yet open. Check station (un rotected): Bartlett blos- 
soms show 7 per cent injury. fired orchard: No dsmage 
to any variety of pear blossoms. 

Figure 29-Damage to prar blossoms.-Evening dew 
Anjou pears past full bloom; Bartlett in full 

%loom; Bosc and Comice opening. (Check station mipro- 
tected): Ihrtlett blossonis show 23 per cent injury. 
Fired o r c h d :  No damage to any variety of pear 
blossoms. 

foun 8 in the valley, due to this frost. 

ing (9" ew point 29'. Bart P ett  pears in full bloom; Howell 

rotected) : Bartlett blossoms s E ow 21 per cent damage; 

ktt pears in full bloom; Bosc an 3 Comice blossoms not 

oint 29O. 

EFFECT O F  FROST DAMAGE ON FINAL CROPS; 1922 SEASON. 

[Percentages of full crops harvested.) 

Station 1.-Irrigated trees, 25 years old; soil clay 
adobe; orchard care escellent. 

Fired orchard: Anjoq2 80 per cent; Bartlett, 85 per 
cent; BOSC, 85 per cent; Howell, 100 per cent; Winter 
Nelis, 100 per cent; Clairgeau, 100 per cent.. 

Check st.ation: Bartlett, 95 per cent. 
Station. 8.-Fired orchard: Irrigated trees, 18 years 

old; soil clay adobe; orc.hard care excellent. Bartlett, 
100 per cent; Anjou,2 95 per cent. 

Station $.--Fired orchard: 3- Irrigated trees, 16 years 
old; soil clay loani; orchard care escellent. BOW, 100 

er cent; Xnjou,* SO per cent; Bart.1et.t (in same orchard, 
{ut only part,ly prot,ect.ed by' drift of heat from orchard 
heaters in adjoining blocks) 95 per cent. full crop, 30 per 
cent badly frost marked. 

Check st.ation: Irrigated trees, 14 years old; soil cla3 
loam; orchard care escellent. BOX, 1 er cent; An- 

er cent; Ba.rtlet.t, SO per cent fu P 1 crop, 20 per 
frost marked. 

Station .&-Fired orchard : Irrigated trees, 10 years old; 
soil Olympic adobe; orchard care escellent. Anjou,' 50 
per cent.: Bartlet,t, 100 per cent; Winter Nelis, 95 per 
cent. 

Clieck station: 1rrigat.ed trees, 14 years old; soil 
Olympic adobe; orchard care escellent. Bart,lett, 100 
per cent; Howell, 100 per cent. 

Station cT.-Fired orchard: Natural subirrigation; 
trees 15 years old; soil sandy loam; orchard care ercel- 
lent. Aiijou,? 20 per cent; Bartlett, 98 per cent full 
crop, 25 per cent frost marked. 

Station 6.- Fired orchard: Irrigated trees, 16 yeam 
old; soil sandy loam; orchard ca.re excellent. Bnjou,a 
30 per cent.: kart,Iett, 100 per cent of full crop, 2 per 
cent frost marked. 

On the night of May 25-26, 1923, a heav frost oc- 
In a 

few orchards Bartllett pears, of the size shown in Figure 
34, were frozen almost througl?. X few were found with 
even t.he seeds frozen, although in most. cases t,he frozen 
tissue stopped short of t,he seed cavities. The fruits 
assumed :L dark green, water-soaked appeamnce, and 
minute blisters appeared on t,lie skin. A very few fruits 
M-ere found with cracks in the skin. 

Ten c.lu.;ters nf tlie Bsrt,lct.t, showing the great.est evi- 
denvc? of freezing, \\-ere tagged, ciiiil 2% close wst,ch was 
kept uf them during t,he reiiiainder of t,he season. Fully 
:iq iiiucli fruit innturt.tl in t.liese marked clusters as on 
tree.: in an adjoining orvhnrd which WHS protected with 
iircliard hunters. and there w.ns no marked difference in 
the perrentage of high-grnde fruit. 

It. is probsblc, ho~.ve.r.er, t,liat if the low t an  erature 
had continued for a slightly longer time, so that t R e seeds 
had been frozen, both the size arid quality of t.he final 
W I ~  woulcl hnve been reduced. 

curred in soiiie of tlie colder spots in the valey. 9 

CONCLCSION~ 

The studies conducted in the Ri-lgUe River V d e  indi- 
cwte that, all the coniiiierrial \-iuieties of pears wil T show 
slight injury following . n temperature of 25.5' F. for 
_. - 
: Weather during period of .\nJou full bloom was cold and rainy and ve 

a Crop badly Injured by frost. 
a Heaters not fired on one cold night and considerable damage occurmd. 

uI:hvm 
able tor. pounation. ~ i n a ~  crop due in most enses to this facto;, ratherThsn f r a t  
damage. 
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about one hour while the buds are showing pink. 'I'his 
also applies to Yellow Newtown apples. The nuniber of 
buds inpred is so slight that the find crop is not affected. 
in the case of pears, at! least. Bosc petva appear to he 
considerably m?re susce tible to injury in this stage 
than other varieties. &nt.er Nelis pears seem to he 
more hardy in this stage t;hnn anv other variety of pews 
grown commercially in the valley. Winter Nelis also 
appears to be more hardy while in full blooni t-han other 
varieties. 

It should be borne in nibid t.hhnt a discoloration of tlie 
blossoms or fruit was used entirely as n basis for edmat.- 
ing damage by the different frosts. I t  is recognized 
that this is not n perfect method of calculathg t.)ie 
amount of damage. as the vita! orpins of t41ie flower may 
be injured so tmliat pollination is preventecl, without any 
marked discoloration of the ovules;. A sickly yellow 
color of the pistil was nften found following 2% frost, in 
flowers which otherwise a.ppeared t o  br! in perfect mn- 
cIit,ion. Whether such a flower m-nq seric-busly dmiaqed or 
not, would depend on whct.lier it tirtd been pollinized 
prior to the frost. 

It shoiild be remembered :tlso that, d l  ternper2:tures 
mentioned in this paper :we reaclin.gs of sheltsered ther- 
mometers. Unzhelterert theniionieters, that is, t,her- 
iiionieters freely esposed to the sky, n-iiuld hare shown 
temperatures from one to three degrees lower. Just 
what the real tem erntnre of the bli-JSsOmS might be is 

It was noticed during the 1922 frost! season that H 
temperature of from 25.5' F. to 26.0' F. liad been es- 
perienced in unprot,ected orchards, the citlvs cups showed 
a very dry condition; theie were no globules of nectar 
which are found ordinarily. This dry condition and lack 
of nectar was not found in blossoms in the orchards which 
liad been prot-ected with orchard heaters and the tem- 
perature had not been allowed to fall below 2s' F. 

Whether or not a pear blossom or young fluit will ms- 
ture after i t  has been injured by spring frost-s to such an 
extent that the o d e s  or seeds arc! blackened depeiids 011 
the variety. Under the niost favorable conditions, 
probably not more t.1ia.n a very sinal1 percentage of blos- 
soms or fruits thus injured will mature. From close ob- 
servation, covering sis frost. seasons, i t  B peais that. 

in t P ie order named: will nirtt,ure some fiuit in which pol- 
lination lirts been prevented or the seeds killed by spring 
frosts. Tho Clrcpp Fuvorit,e tree, mentioned on a re- 
cedino a e, inatured four full field boses of frhit. wl%A~ 

Bartlet,t trees oft.en set considerable seedless, frost- 
marked fiuit, but usuitlly most of it drops to the ground 
before the end of the season. The writers oft.en !ia~-e 
seen seedless Bptlett, fruits remain on the trees until two 
or three weeks before picking time, and then rill fall to 
the ground within a few days. 

In  some sections the Bnrtlett seexiis to require cross- 
ollinution, and where pollen from suitable variet.ies is 

rackin- a fair sized crop of seedless fruit, niay be matured, 
even w%en t.liere is no frost damage. In the Rogue Rimr 
Valley, so many varieties of pears are grown commer- 
cially, in small blocks, there is no lack of pollen for cross- 
pollinatmion. 

Only a very few seedless Aiijou pears are likely to be 
found on the trees nt. any t-ime. Anjou ability to mature 
such fruits is much less than in the case of the Bartlett, 
but an occasional seedless fruit is found. 

not known but pro 7.) ddy  differs from those given. 

Cla p Favorhe, BartleLt, Anjou snd Howel P pear trees, 

was entire b p ?  y seedless :ts a result of frost injury. 

The Howell seldoni matures fruit t,liat has been se- 
riously injured by frost, and Winter Nelis, Cornice, and 
BOSC, prac.t,ically nerer. 

Usually a small percent,agc of Yellow Newtown apples 
which have been severelj- injured by frost, will mature. 

In  the case of all the varieties which matiire seedless, 
or n e d y  seedless fruit,, due to frost injury, most of the 
crop is so n!:~rlred and misshapen that it. is unfit for the 
market.. l':..ars which are slightly frost-marked are 
soniet.imes handled by the ciLnneries, but tliev tire not 
usually in demand, even for this purpose. The russet 
rings which form wound the fruit;, oft.en grow woody to- 
ward the end of the season, making them difficult to eel 
and handle. Figuros 35, 36, and 3'7, show frost-maried 
fruit, and odd shapes nssuiiied by fn1it.s in which tlie seeds 
hare been killed by frost,. Figure 38 shows the difference 
in appenruace hetween t.he cross-sect.ions of injured small 
pears. 

In  a normal season, Bartlett and Clairgeau blossoms 
in the interior of the tree, on the older and heavier wood, 
open several days sooner than blossoms on the ends of the 
smaller and weaker branches at  the outside of the tree. 
An early frost often kills the interior and earlier bloom, 
but does not injure t.he later terminal bloom. In such 
cases a fairly lar e cro of fruit ma be harvested, but 

terminal fruit at  the ends of the whiplike branches is 
likely to be sctirred by limb rubbing. 

there is danger of brea!ing limbs o H the trees, and the 

CRITICAL TEMPERATURES. 

There seems to be no questioning the fact that the 
enerally accepted critical temperatures for ear blossoms 50 not a ply in the Itogue River Valle !'he tempera, 

1931 (Fig. 12), is interesting from this standpoint. 
The teniperature was below 33' F. for 14 consecutive 
hours, and below 3s' F. for five consecutive hours, 
with a minimum temperature of 21.6' F., yet the reduc- 
tion of the find crop of Bartlett and Clairgeau pears, 
which were in full bloom a t  the time, was only from 10 to 
15 ercent. 

L o t h e r  point that needs emphasizing is the fact that 
there is usually a reater difference between the critical 

than there is between the average critical temperatures 
for two different kinds of fruit, general1 
Judging by the actual yields of fruit in t e orchar , 
which was adequately protected on every cold night 
except April 3-4, during the 1931 season, there was 15 
per cent more damage to Bosc buds, which were barely 
showing ink and were scarcely separat.ed in the clusters, 

bloom. From a comparison of the final yields of fruit in 
the fdl, there was only 15 per cent more damage to 
An'ou pears, practically 100 per cent in full bloom, than 

It is impossi le to name a definite critical temperature 
for blossoms or fruit a t  any stage of development, since 
the duration of the temperature and the preceding 
weather and growing conditions must be taken into con- 
sideration. Weather conditions on the da following a 

damage. 
If an attempt were made to name a critical temperature 

for fruit buds. blossoms, and immature fruits in different 
stages of development, even in a general way, it would be 

ture an8 danisge records for the nig %' t of April 3-4, 

temperatures for i ifferent varieties of the same fruit 

3; spealiin% 

than to t R e Bartlett, which was over 90 per cent in full 

to B osc in the re-pink stage, as mentioned above. 

frosty night also have some influence on t K e amount of 

1 
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necessary to describe the stage of advancement of the 
blossoms in greater detail than has been the rule in the 
past. The three classifications that have been used most 
generally heretofore are " showing pink," " full bloom," 

From experience in the Rogue 

are more easily in'ured b frost than two or three lays  
later, when the dowers lave opened full The buds 

in any earlier or later stage. 
The amount of damage to fruit buds, blossoms, and ini- 

mature fruits caased by the low temperatures mentioned 
in this pa er is considerably less than would have been 

been generally accepted heretofore. It is reco nized that 
data in 

the foregoing pa es may not apply in other sections 
of the country. sowever, the relatively small aniount 
of dama e caused by low temperatures, as shown by the 

es, can not be said to be exce - 
tional in t f e  case o t e Rogue River Valley. T e 
writers have been checkin up on the dama e to pear 
blossoms and fruits cause f by sprinn frosts %wing the 
past six years, and all the data secure3 durin this period 

critical temperatures for pears do not apply in this 
locality. No careful observations have been made in 
other fruit-growin communities on the Pacific coast, 

and fruit growers in some of the petir-growing sections of 
California would indicate that esperience has been the 
same there. 

Observations of low temperatures durin frosts, and 
their eflects on the size and general con 'tion of the 
fruit crop immediately following the frost and at  har- 
vest time, were continued through the sprin frost 

this pa er had been prepared for publication, 

they strengthen the conclusions to be drawn from data 
obtained in preceding years. 

etals fallen." 
and River '18 alley, Bosc pear buds, just before the flowers o en, 

appear to be more susceptible to injury in t %' is stage than 

expected Fl ased on the critical temperatures which have 

the critical temperatures as determined by t i e  ? 

PY % data in t B e receding 

strengthens the conclusion that the genera fi y accepted 

but interviews wit B 1 County Horticultural Conmissioners 

season of 1923. As these observations were ma f e after 

On? a brief re P erence to them will be made here, to show ow 

OBSERVATIONS DURING 1953 FROST SEASON. 

The spring of 1933 was free from unusual wedier  
conditions, and pear trees bloomed at  about the average 
time. There were only a few heavy frosts, and damage 
was confined entirely to the colder orchlirds on the lower 

The statements below show the duration of Et: temperatures in several ear and apple orcbsrcls 

about the size of large peas, and by May 2, the clnte of 
the last frost of the season, they were about the size of 
the fruits shown in Figure 47. 

Records were obtained in five different orchwds, 
which will be designated by number. In  each of these 
orchards the care of the trees was escellent in every 
particular. All orchards are irrigated. 

Orchard NO. 1.-Trees 14 years old; soil clay loam. 
April 22-23) 195.-Lowest temperature 28.3' F. 

Temperature below 33' F. 4 hours rtnd 25 minutes. 
Bosc pears were almost uniformly frozen through, and 
every fruit contained a coating of ice, which could be 
eeled off, due to frozen dew. Every fruit within sight 

from round showed this condition. Anjou pears were 
ener 3 ly only partially frozen, probably due to the fact 

&at the foliage on the Bartlett and An'ou trees was con- 

Bosc trees. 

after the fruit had set. On Apri P 23 pears were generally 

siderably heavier at  this time than t h e foliage on the 
Observations made about sunrise. 

April 2.3-24) 192s.-Lowest temperature 39' F. Tem- 
perature below 32' F. two hours. BOSC., Bartlett, and 
Anjou ears again frozen, but not through to t,he core. 

A p r J  24-25, 1923.-Lowest temperature 39.2' F. 
Tem erature below 32' F. 3 hours 25 minutes. BOSC, 
Bart Y ett, and Anjou pears again frozen, but not through 
to the core. 

April 99-30, 1923.-Lowest temperature 28.7' F. 
Tem erature below 32' F. 3 hours 30 minutes. Prac- 
tical P y all fruit within sight from the ground frozen 
almost to the core. Many fruits badly mottled, but no 
blistering. Considerable cloudiness toward mornin 

~ u y  1-2, 1923.-Lowest temperature 2s.20. %em- 
perature below 32' F. 3 hours 35 minutes. Observations 
made in afternoon of May 2nd. 95 per cent of the Bosc 
fruits in the lower portion of the trees have russet rin 
around their lar er ends. About 50 per cent of t r e 
fruits show smai  longitudinal cracks. A qery small 
percentage have slightly discolored seeds. 

Anjou pears show a mottled effect quite generally, but 
no cracks or blisters. 

Bartlett pears show general mottling, wit,h some blister- 
ing. 

Chdition of $wit when harvtlste.d.-Heavy mop of 
Bartlett, BOSC, and Anjou pears harvested. About 30 
per cent of the Bartlett pears in the lower ortion of the 

the blossom end showing russet. There were practically 
no misshapen Bartlett pears on the trees. 

Bosc pears showed no effects of the spring frosts, exce t 

Bosc. 
Anjou pears in the lower portion of the trees showed no 

trees were frost-marked, the portion of t i e  I? fruits near 

an unusually high russet color, which is an asset to t % e 

effecf of the frosts. 
Orchard No. 2.-Trees 17 vears old. Soil clav loam. 
April 22-93, 1923.-Tow&t temperature 26.4' F. 

Temperature below 32' F. 4 hours 30 minutes. Observa- 
tions made about sunrise. Most of Bosc and An'ou 
fruits showed freezing almost to the core, and in a 1 ew 
cases, through the core. A very few fruits showed small 
red spots on the skin. 

percentage of the crop. 
April 29-30, 192S.-Lowest temperature 38.3'. Tem- 

perature below 33' F. 3 hours 20 minutes. Observation 
about 15 minutes before sunrise. Anjou and Bosc pears 
within reach of the ground were alniost unifornily frozen 
through, and about 10 per cent showed raised blisters 
on the skin. 
May 1-2, 1923.-Lowest temperature 39.1' F. Tem- 

perature below 32' F. 3 hours 15 minut,es. Observa- 
tions made about, sunrise, Bosc and Anjou fruits appeared 
to be badly frozen, particularly the dnjou. Some 
clusters were found with every pear frozen through and 
badly blistered and wrinkled. 

Condition of -fruit uheii  hanwted-Anjou trees bore B 
heavy crop of pears, which were of exceptionally h e  

No evidence of frost 
lamage. 

Bosc pear trees bore a heavy crop of fruit, most of which 
was packed in the extra fancy grade. No evidence of 
the effects of the spring frosts, except possibly in an un- 
usually heavy russeting, which may or may not have 
been due to s ring frosts. 

April 29-23,195.-Lowest temperature 29.3'. Tem- 
perature below 32' F. 3 hours 30 minutes. Practically 
no indication of damage to Anjou pears. Observation 
about sunrise. 

A few others showed a mottlin 
of the skin, but these conutitut,ecl only a very sm aK 

uality from every standpoint. 

Orchard J 0. 3.-Trees 17 years old. Soil clay loani. 
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April 2990,  192S.-Lowest temperature 28.5'. Tem- 
perature below 32" F. 3 hours 10 minut,es. A lar e per- 
centage of the Anjou fruits show indications o? being 
frozen about half tnrough, on the exposed sides. Some 
mottling, but no blistering. 

X a y  1-9, l$H.-Lowest temperature 28.4' F. Tem- 
perat,ure below 32' F. 3 hours 35 minutes. Anjou pears 
an51 Tellow Newtown apples were cnrefully examined 
about sunrise, but there was little indicat,ion of damage 
to either. The apples were about the size of large peas 
a t  this time. An occasional Anjou ear was found 

in t,he clusters. A small percenta e of t,he larger fruits 
showed frozen spots on trhe expose % sides, but the freez- 
in* did not estend very fa.r into the pears. No blistering 
&atever was found here. The leaves were large and the 
foliage heavy, affordin considerable pro tect,ion to t-he fruit. 

Condition of fmit ui 5 .en harvested.-No evidence of the 
effects of spring frosts on Anjou pears or E'ellow Newtown 
ap les. 

grchard No. 4.-Trees 21 years old. Soil sandy loam. 
April 29-28, 1923.--Lowest temperature 30.3O F. 

Temperature below 32' F. 2 hours 25 minutes. No 
damage to Bosc or Comice pears. 

April. 99-30, 1923.-Lowest temperature 30' F. No 

frozen through, but these were usually & e smaller fruite 

damage. 
Mnv 1-2, 192S.-Lowest temperature 28.2O F. Tem- 

perature below 32' 3 hours 20- minutes. Observation8 
made on the afternoon of Ma 
to the interior of Bosc or %mice was f o u l  
Bosc fruits, which were exceptiona y large in this 
orchard, showed almost without exception a rather 
heavy mottling of the skins, but no blistering was found. 
Comice fruits showed no sign of dama e, escept for an 
occasional fruit which showed some slig t blisterin . 

Condition of f ru i t  whm harvested-Heavy crop o both 
Bosc and Comice pears harvested, with no sign of frost 
injury to either vitriet . 

Orchard No. 5 . d e e s  20 years old. Soil cla adobe. 
April 29-Y0,19i'.-Lowest t,emperature 28' I? Tem- 

pera.ture below 32' F. 4 hours 15 minutes. No indication 
of damage to Yellow Newtom apples, about the size 
of small peas. 
May 1-9, 1993.-Lowest temperature 27.4' F. Tem- 

erature M o w  32' F. four hours. No indication of 

2 per cent of fruits showed a slight discoloration of the 
seeds. 

Cbndition of fruit when ha.rveste&.-Apple trees. were 
heavil thinned late in May. The final crop of fruit was 
of hig%grade and showed no evidence of frost injury. 

Most growers of deciduous fruit are rather sensitive 
on the subject of dama.ge to their crops by frost and 
prefer to attribute a light cro to almost any ot,her 

t-han frost damage. "Eack of pollination'' is 
name as the cause of a short crop, when if there had 
been no frost there would have been no lack of pollination. 
Figures 39 and 40 show the difference in the appearance 
of two Howell pear branches about three weeks after 
full bloom. The blossoms on the branch from an unpro- 
tected orchard have made practically no owth since 

The branch from the orchard protected from 

2. No sign of injur 

9 E 

c 9 amage to exterior of Yellow Newtown apples. About 

they were injured by frost and are rapidly r alling to the 

Yd amage through t,he use of orchard heaters cont.ains 

pages of this artic 7 e show the results obtained on 

. 
many rapidly growing, vigorous fruits. 

PRACTICAL RESULTS OF ORCHARD HEATING. 

The different tem erature diagrams in the preceding 

different nights in raising the temperature under actual 
orchard conditions, with tem eratures prevailing outside 
the fired orchard which woul B cause damage to the crop. 
These recnrds were obtained a t  several different locations 
in the Rogue River Valley. Five-quart and 2-gallon 
lard-pail oil heaters and high-stack, &gallon capacity 
oil heaters were used in different orchards. 

case the thermometeis were placed as far  

heaters nearest the temperature stations were not lighted. 
From an examination of these records it will be seen 

that it is much easier to raise the temperature on some 
nights than on others, but on no night during the three 
seasons covered by these records was there any difficulty 
in maintaining the temperature above the dan er point, 
usin only a fraction of the total number o 9 heaters 
avafable. 

These records show that it is possible to raise the 
tem erature as much as 8' under exceptionally favorable 
con8tions. However, the average rise in temperature 
secured with orchard heaters is about 5'. Due to the 
fact that the layer of cold air near the ground is 
generally quite thin in the colder locations in a valley, 
the temperature usually can be raised a greater number 
of degrees with the same number of heaters at such 
locations, than in warmer spots on high ground, where 
the increase in air temperature with elevation is less. 

from In the eaters as possible, and as a general rule the 

ORCHARD HEATINQ DURINQ THE 1921 SEASON. 

During the 1921 season the exceptionally severe spring 
frosts caused such widespread damage to pear crops, an 
unusual opportunity to note the direct effect of orchard 
heating on the final crops of fruit was offered. Com- 
parisons between the total amount of fruit harvested 
in adjoining orchards, protected and unprotected, are 
given in the following parqraphs: 

The reatest dama e during the season occurred on the 
night ofA r i l 34 .  f description of the weather on these 

records at two locations are shown in fi ures 12 and 18. 

valley in 1921 were those from orchards which were 
protected with orchard heaters on this night. In  order 
to show that the reduction in tonnage from unprotected 
orchards was due to frost dam e one of the orchards 
that were protected with orcha3 heaters on every cold 
night durin both the 1921 and 1922 seasons will be 

Bosc pears harvested in this orchard during the 1921 
season, and figures 43 and 43 show the size of the crop 
harvested in 1922. The crop was somewhat larger in 
1922, but a part of this increase was undoubtedly due 
to the fact that the orchard was irrigated during the 1922 
season for the first time. 

A heavy crop of Bosc pears was harvested in 1921 
at another orchard, in a very cold locality, which was 
well protected with orchard heaters. 

dates has t een given on a preceding page, and temperature 

The only 100 per cent crops of pears f arvested in the 

used as a c B eck. Figure 41 shows the heavy crop of 

COMPARISON BETWEEN CROPS IN PROTECTED AND UN- 
PROTECTED ORCHARDS. 

Case 1.-A large ear orchard was divided into two 
sinaller orchards an a sold to two Merent  individuals 
in 1920. The owner of one of these divisions protected 
his trees with orchard heaters in a very efficient and 
thorough manner. The owner of the other division had 
all the necessary orchard heating e uipment on hand 
but decided to "take a chance." Txe type of soil and 
the care of the trees was the same in both orchards 
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The orchard equipped with orchard heaters was not 
protected on the first cold night, April 3-4, and there 
was heavy damage to blossoms. 

Anjou.-Figures 44 and 45 show the size of the crop 
of h j o u  pears in the fired orchard, while Figure 48 shows 
the average crop harvested in the unprotected orcha.rd. 

Bon!Zett.-The relative size of the crops of Bart,lett 
pears in the protected and unprot,ected orcha.rds is showu 
in figures 47 and 48. The fruit in the unprot.ect,ecl 
orchard was practicall all frost marked, while there was 
practically no markei fruit in the protected orchard. 

Bosc.-Sixteen-year-old Bosc trees in the unprotected 
orchard bore less than 15 per centm of a full crop in .1921. 
but as there were no protected Bosc trees in the vicinity, 
it was not ossible to make a comparison. However, t.he 

advantage during the 1933 season, mid harves6ed one of 
the best crops of Bosc petm in the valley. (See fig. 54.) 

Case %-Two orchards a short distance apart. hair 
been protected with orcliard heaters for several yeais. 
In  1921 the owner of the higher and warmer of these 
two decided not to use his heating e ui ment and did 
not set the heaters in the orchard. 
the most severe in the entire vdle)-. 

HoweZZ.--On A ril 13, 1931, a careful check was made 

which showed that 98 per cent of the blossoms had been 
killed by frost up to this time. 

The average crop of fruit harvested in thir block was 
estimated at  3 per cent of a full cro . Figures 49 and 

in the protected and un i~ tec ted  orchards. l'lie heaters 

night of the season, April 3-4, and considerable damage 
was done. If the heaters had been fired heavily on 
this ni ht, the difference between the crops in the two 

To show that the normal yield of the trees in the un- 

owner of t E is orchard used his orchard heaters to good 

, g . P  is oss was one of 

on the block of f i  owell trees nearest the fired orchard, 

50 show the comparative average yie f ds of Howell pears 

in the protected orchar B were not lighted on the coldest 

orchar % s undoubtedly would have been much greater. 

from the same trees in 1923, 
rotected orchard is large, the 

tected with orchnrd heateis 
to combat, is shown in Figure 51. 

Bosc.-A careful check of the Bosc block nearest the 
protected orchard on A ril 6, 1931, showed that 45 per 
cent of the blossoms Rad been killed. On -4pril 12 
scarce1 an uninjured blossoni could he found. 

bare of fruit. Man trees did not bear even one fruit. 
The average crop &wvested from this block was esti- 
mated at  2 per cent of a nornial crop. There were no 
protected Bosc trees near by which coulcl be used as a 
check, hut an orchard in a niuch lower and colder por- 
tion of the v d e y ,  which was protected with orchard 
heaters, bore an exceptionally heavy crop of Bosc. 

The average crop of pears borne by the smie trees 
which were pract.ically bare of h i t  in 1921, is shown in 
Figure 52. 

At t i e end of the season these trees were pmcticallj 

l(J22 SEASON. 

& has been stated previously, there was very litt,le 
frost during the 1923 season, and serious damage w-m 
confined to the lower and colder spots. The unfired 
orchard rnent,ioiied in case 1, of the 1931 season, is in a 
very cold location. During the 1932 season the owner. 

rofiting by his esperience in 1921, set out the heaviest. 
gattery of orchard heaters in the valley. His tempera- 
ture records, together u7it.h those at  n neighboring un- 

protected orchard used as a check on the outside tem- 
perature, are shown iu Figure 23. 

On the night of April 27-28, 1922 (see fig. 231, the 
:)lossonis on a 13-year-old Bosc tree at  the check station 
were practically all killed. At the end of the season 
this tree carried onl?- two pears. Figure 53 is 8 photo- 
graph of B Bosc tree of the same age and size m the 
heated orchard, showing the heavy cro of fruit. The 

on all trem of like size in the heated orchard. 
icked from the older 

i h c  trees in the heated orchar C r  in 1982 is shown in 
Figure 54. All the trees were breaking down with fruit 
:ind could not hak-e matured a heavier crop. 

Diflerences hotween fruit crops in protected and un- 
jjrotected orchards were not so great in 1932 on higher 
ground, but in inaiip instances there was a great differ- 
ence between the rad- of Bart1et.t years in fired and 
unfired orchards. f n  some unprotected orchards more 
than 50 ier cent of the Bartlett fruits were badly 

(irchards the quantit? 01 marked fruit! was negligible. 

c ~ o p  on this tree was representative of & e average crop 

The average amount of fruit 

frost mar B -ed and missha >en, while in adjoining heated 

CONCLUSION. 

The effectiveness of the orchard heater, when used 
pro erly and in sufficient numbers, in preventing damage 

open to question. I t  is possible that extreme cod, 
accompmied by stron winds, may occur at some future 
time, and it is possib 5 e that orchard heaters may not 
prove effective in such a case, but from all available 
weather records it appears that such nights do not occur 
often. 

i Lo P ruit by frost in the Rogue River Valley is no lon er 

California. Detailed orchard-heating studies also have 
been made in the cit.rus districts of southern California. 
Records secured during the freezes of Januav  and Febru- 
ary, 1982, in southern California demonstrated con- 
ch i r e ly  that orange o~oves can he protected against 
outside temperatures or 18' P. by orchard heatinp and 
the protective value of heatin is now general y ac- 
ce ted by citrus growers throug E out the State. 

f t  is interesting to note that one of the largest 
and applo orchards in the Ro ue River Valley has een 

that tiine the fruit crop never has been materially r e  
duced through frost damage, notwithstanding the fact 
that the orchard is located in one of the coldest spot,s in 
the val1e;v. 

Until about 1914 fruit growers were attempting to burn 
hem\- crude oil, as it conies from the wells, in the orchard 
heateis, with the result that the heaters soon filled with 
unconsumed nsphdtiim, or the water content of the 
oil was so high that the heaters boiled oTer or esploded 
soon after lighting. Bt the present time all the larger 
oil wrporntions on the Pacific coast are furnishing a spe- 
cial orchard heator oil, from which most of the asphaltum 

r 
living orchard heaterv during t f le past 13 years; During 
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FIG. 47.-Average 'eld of Bartlett ears per tree in 1921 in orchard which was rotected from 
frost damage witrlard-pail orchar8heaters. The fruit shown in this photograpg was carefully 
examined and only two ears in the lot showed frost marks. Compare with Figure 48. Out 
of the firit 1% boxes of gartlett pears picked in this orchard 144 graded extra fancy and 42 
graded fancy, with only 2 boxes of culls. 

FIG. 48.-Average 'eld per tree of Bartlett pears in unprotected orchard 
adjomm&that s E b ,  in Figure 47 during the 1921 season. More than 
two- tk  of the crop was so badly frost marked that it was unmark&- 
able as fresh fruit. 



M. W.TR.. December, 19: (To face p. 639.) 

FIG. 51.-Average yield per tree of Howell ears in 1922 in orchard shown in Figure 
50 This orchard was rotected from Barnage by frost with lard-pail orchard 
he'sters during the 1922 8ost season. 

E 

FIG. 52.-Average yield per tree of Bosc ears in 1922 in orchard shown in Figures 
50 and 51. Trees were protected in 19% with lard-pail orchard heaters. Crop 
from these trees in 1921, when unprotected from frost, averaged less than one- 
third box per tree, and many trees were absolutely bare of fruit. 

FIG. 53.-Young Basc ear tree (12 ears old) in orch.,drotected with lard-@ 
osc tree of same age m 

FIG. 54.-Average yield of Bosc pears per tree in orchard in cold location pr(F 
tected with lard-pail orchard heaters, season of 1922. orchard heaters in l & Z ,  showing geeavy crop of fruit. 

adjoining orchard matured only two pears. 
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and water have been removed. Since the early days of 
orchard heating new heaters have been develo ed, and 
the growers have equipped themselves wit[ better 
thennometeis; they understand the principles of orchard 
heating better and are better organized to properly 
handle the frost fighting. 
No thorough, careful tests of the effectiveness of 

orchard heating under the weather conditions which 
accompany damaging tern eratures during the blossoni- 
ing period of deciduous fruits in the eastern portion 
of the United States have been made, so far as the miteia 
'are !ware. Whether orchard heating will prove to be 
consistently successful in that. portion of the countr?- is 
highly problematical. 

ECONOMIC PHASE OF ORCHARD HEATINO. 

The writers have confined the discussion of orchard 
heating in this paper to the question of the practicability 
of protecting deciduous buds. blossoms, and fruits from 
damage by s ring frosts. The econciniic side of the 
question has gee, purposely ignored. and it will only 
be touched upon here. 

The costs of orchard hetrting equipment, fuel, etc., 
vary in diflerent arts of the country, as do the tempera- 
tures experiences and the weather conditions wlLic1i 
accompany damagin hosts. The grade of fruit produced 
and pnces received 7 or the crops also vary, not8 only in 
diflerent districts but in different orchards in the s a m ~  
district. 

Obviously, whether orchard heating will pay in 1% cer- 
tain orchard will depend on the amount of monetary 
loss by frost over a period of years and the total cost o€ 
protective operations over the same period, including in- 
terest on investment, depreciation clitwge on equipment, 
and cost of fuel and labor. If the net profit on a crop 
were the ody consideration in determining whether frost, 
protection will ay, the answer would be negative for 
most if not all t R e fruit, districts of the country. How- 

ever, when an entire fruit crop is destroyed by frost, 
the owner's loss is not confined to the net profit he would 
have made on the crop; the expense of caring for the 
orchard for a year, interest on the money invested in 
the orchard, and other similar expenses must be added. 

The amount of the loss, therefore, generally speaking, 
will be the gross value of the crop less the expenses of 
picking. packing, etc. The loss calculated on this basis 
is ofteh very large. Many instances have come to the 
attention of the write1.s of fruit growers who have saved 
enough fruit in B single season, or even on a single 
frosty night, to pay the total .cost o€ equipping the or- 
c h n i  with heaters and auxiliary equi ment, together 
wit,h the expenses of prot,ect,ing the orc R ard during the 
season. 

In other words, orchard heating can not be considered 
on the same basis as fire insurance. Answering a miter 
who had endeavored to show that orchard heating was 
unsound from a business standpoint, because the cost 
wns prohibitive when compared to the cost of fire insur- 
mce. one ol the most successful growers of citrus fruits 
in California, who has used orchard heaters during the 
past. 12 years, called &,ention to the fact that if a man 
was reusonably sure that his house would burn down at 
least once every 10 years. he would be willing to pay a 
high premium for insurance. 

Anot.her point, that must be considered is t.lie fact that 
whenever a genertil freeze destroys a large portion of the 
total crop of a certain fmit., the resulting shortage usu- 
rtlly causes higher prices. In  such years successful or- 
chard heating usually yields a high return. In  many 
cases this is the factor which makes orchard heating 
profitable. 

The orchards in the United St>ates that sustain suffi- 
cient damage by frost to justify the use of orchard heating 
equi ment make up only a ver small percenta e of the 

States orchard heatin is generally practiced only in the 
colder portions of eac f district. 

tot a r  acreage in fruit trees. d ven in the Paci 5 c Coast 

MOUNTAIN SNOWFALL AND FLOOD CRESTS IN THE COLORADO. 

By J. M. SHEEIEE. 

(Weather Bureau, Denver, Colo., Rept. 19,1928 1 

In  some respects the situation along the lower Colorado 
resembles that in the Nile Valley. In  addition to the 
'similarity oE the soil, climate, and products, a certain 
amount of water is required each year for irrigation 

urposw, upon which growing crops are almost w h d y  s ependent and without which there would be a desert. 
On the other hand, an flood of proportions sufficient 
to overtop or to b r e d  throu h tho principal levees 

lives. It is not surprising, therefore, that the appre- 
hension felt in western Arizona and southeastern 
California begins to manifest itself toward the close of 
ever1 winter in letters and telegrams to the dist-rict 
forecast center, requesting information as to the ac- 
cumulations of snow in the upper portion of the drainage 
area, together with the opinion of the forecaster in 
regard to the pros ects of danoerously high water 

For forecasting urposes, the Colortido clraina e area 

extends from the mouth of the main stream to Boulder 
Canyon; the middle division from Boulder Canyon to 
g a p g  stations at  Elgin, on the Green; Fruits, on the 

would cause enormous financial 7 oss and endanger many 

during the following P ate spring an8 e:dy summer. 

is made up of t L ee divisions. The lower fivision 

Colorado; and Farmington, on the Yan Juan. As 
flood crests due to run-off from the middle division 
occur early in the season and are not high enough to 
cause serious trouble, they have not been considered in 
this discussion. 

It must be apparent to all who have had ex erience in 
the forecasting of floods that crests produced y meltin 

which it is melted and finds its way into tlie river. In 
other words, n modpate accumulation in the mountains 
may disappear so quickly, due to protracted high tempera- 
tures. tis to cause alarmingly high stages, while unusual 
amounts of snow art the lugher elevations may be taken 
off by a number of warm periods of only a few days' 
duration each, followed by weather cool enough to check 
or to stop the conse uenL melting. Under the latter 

highest of which might. not he sufficient to cause much 
dm. It is not intended to nlinimize the danger of 
excessive snow accumulations in the mountains of the 
up er drainaw area a t  the be nning of spring, but 

snow depend not on1 upon the accumulation ' K  oi snowf 
a t  the end of the co 9 d seasonl but also upon the rate at 

conditions, u series o yf flood crests would result, the 

rat\er to ernpgasize the fact) that t $ e height of subsequent 


